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"Many  improvements  have  been  made  by  Che  Ingenuity  of  the 

makers  of  the  machines. - and  some  by  those  who  are 

called  philosophers,  or  men  of  speculations. - ate  often 

capable  of  combining  together  the  powers  of  the  most  distant 
end  dissimilar  objects'. 

-Adam  Smith,  WEALTH  OF  NATIONS 

INTRODUCTION 

I  plead  an  excuse  for  returning  in 
great  part  to  the  theme  of  an  earlier 
paperl  for  there  is  a  growing  reali¬ 
zation  that  the  biggest  problems  of 
interplanetary  exploitation  are  much 
likely  to  be  in  terms  more  familiar  to 
the  statesman  rather  than  the  engineer, 
therefore  I  feel  that  reference  to  the 
polltioal  senses  should  be  construed 
broadly  to  encompass  all  ethloal, 
social  and  eoononio  gueries.  It  seems 
prudent  at  this  time  to  state  that  the 


views  expressed  are  simply  my  own  and 
do  not  necessarily  reflect  any  govern¬ 
mental  opinion.  Those  wishing  to  in¬ 
dulge  in  the  side  choosing  aspects  of 
the  moon’s  origin  and  surface  composi¬ 
tion  will  find  Salisbury's  work^  and  a 
forthcoming  detailed  survey  of  the 
literature  and  evaluation  of  the  mate¬ 
rials  data  and  theories  by  Eostoker", 
an  excellent  reference  source. 

The  successful  exploitation  of  the 
lunar  complex  will  depend  in  a  large 
measure  on  the  ability  of  the  entrepre¬ 
neur  to  seek  and  develop  the  natural 
resources  with  a  minimum  expenditure  of 
energy.  Therefore,  it  behooves  us  also 
to  look  oritloally  at  the  selection  of 
lunar  sites  which  will  satisfy  most  of 
the  requirements  such  as  the  design  of 
temporary  structures  which  will  enable 


THE  MOON,  FIGURE  1 


sta  to  inltiKllf  Mlthatasd  the  hoatile 
lunar  environaent,  ytt  be  i trategioalljr 
located  to  the  natural  retouroes  vith 
tafe  apaoeport  aooeaa  oorrldora. 

The  theme  of  this  paper  therefore 
la  orientated  to  InTeatlgatlng  theae 
aapeeta  and  the  probability  of  auooeaa 
in  the  eoonoalo  and  teohnloal  aenaea. 

SELENOLOGY 

A  diaouaalon  of  the  planning  of 
lunar  baaaa  la  uaually  pradloated  on 
till}  nature  of  the  aoon,  therefore  It 
la  de air able  to  glTe  a  brief  deaorlp- 
tlon  of  the  Selenology  ao  that  a  ooaaon 
frame  of  referenee  aay  be  eatabllahed 
for  the  enaulng  material.  (Figure  I) 

The  Tlalble  aide  of  the  aoon  haa 
bean  oarefully  atudled  by  a  great  many 
observara,  and  also  by  the  OSSK  lunar 
probe  uhiob  photographed  the  back  aide 
of  the  aoon  In  1961.  (Vllklna  and 
Koore  htTe  prepared  an  elaborate  300- 
Inoh  map.')  Due  to  llbrationa,  about 
four-aeranths  of  the  lunar  aurfaoe  can 
be  6b  a  a  rare  d  from  earth.  The  lunar  aor- 
faoe  la  rough  and  aonntalnoua.  Surface 
faaturea  are  olaaaiflad  aa  follonai 
The  large  level  aurfaoaa,  generally 
dark  and  aaooth  In  appearanoe,  are 
called  aaria  (eeaa),  paludaa  (aarahaa) 
and  ainua  (gulf a),  In  order  of  daoraaa- 
Ing  alta.  There  are  bright  plalna, 
mountain  rangaa,  laolatad  hllla,  up- 
landa,  peakai  valleya,  gorgea,  clefta, 
and  ray  ayataaa.  Thera  la  alao  a  great 
variety  of  atructurea  aueh  aa  valled- 
plalna,  mountain  rlnga,  ringed  plalna 
and  crater  rlnga.  On  the  aurfaoe  there 
are  aany  cratera  varying  la  alie  froa 
the  reaolution  lialta  of  terrestlal 
Inatruaenta  to  fifty  ailea  or  aore  in 
diameter.  Theae  are  divided  into 
crater-plains,  cratera,  craterlakea, 
crater  cones,  crater  pits  and  certain 
faint  rings  and  depressions. 

The  flat  aaria  are  many  hundreds  of 
miles  in  dleuiater  and  appear  uneven 
vhen  viewed  with  a  large  instrument. 
They  seea  to  have  a  dun-llks  appearanoe 
and  asms  plaoes  show  evidence  of  sub¬ 
sidence  . 

The  most  important  mountain  range 
is  the  Lunar  Apennines  In  the  Northern 
hemisphere,  bounding  the  Hare  labrlua, 
and  rising  to  18,000  feet  with  many 
high  peaks.  In  the  Southern  hemisphere, 
there  are  many  lesser  ranges,  the  most 
important  being  the  Leibnits  Kountalns 
with  peaks  aa  high  as  30,000  feet. 

There  are  about  2,000  -lefts,  vhleh  are 
chasms  or  cracks  about  a  alls  aids  and 
sometimss  hundreds  of  miles  long.  Es¬ 
timates  of  depths  vary  froa  about  100 
yards  to  approximately  a  nile.° 


llTNAk  BASE  PLAHHIHG  CONS  I  DERATIONS 

The  notion  of  a  lilia  on  tha  aoon, 
or  operating  quarter  a  of  a  aore  or  lata 
peraanant  and  finally  inXf-snstainlng 
nature,  haa  already  xtoaivad  a  eartaln 
SBount  of  aober  oona  Ideratlon.  This  la 
inch  a  faaolnatlng  s-aljaot  In  all  of 
Its  aapeota  that  one  aiy  suppose  that 
tha  number  of  tpacul  atera  has  bean  kept 
vlthln  reasonable  beviida  in  tines  past 
only  by  the  apparent  lapraotlblllty  of 
such  a  project.  Kao  eit  avanta  reveal 
that  tha  Vnlted  Stat^i  governaent  la 
•pcnaorlng  aarioua  raiearob  and  deval- 
opnent  of  a  Innar-bt  s«  colony  in  this 
decade. 

It  la  desirable  'then.  In  dlscnasing 
lunar  basea,  that  we  otablleb  para- 
asters  of  constraint -a  on  our  thought 
and  objectively  dafisDS  a  program  for 
establishing  tha  lunar  oolony,  a.g.  t 

1.  Design  equipments  for  opera¬ 
tions  on  a  lunar  surface  to  meet 
the  indlgenoua  operaticne  require¬ 
ments  with  alniauu  weight  oonaid- 
eratlons  In  ordsK*  to  minlBlae  eartb- 
moon  transport  Imi  the  Initial 
stages. 

2.  Datsmlna  tha  total  mass  trans¬ 
port  raqnirenanta  over  specified 
tine  periods  as  »  function  of  in¬ 
tegrated  base  anal  component  design. 

3.  Prepare  a  coat  analysis  of  the 
entire  project  sand  attempt  to 
amortise  the  cos'll  in  a  feasible 
scheae. 

The  focal  plan  odt  lunar-bass  plan¬ 
ning  will  concern  as*thsds  of  establish¬ 
ing  saall  colonies  bar  sultlple  sequen¬ 
tial  landings  of  equripsent  and  aen. 

Oneo  this  is  achlevstf,  there  will  be  an 
asseably  of  shelters  snd  necessary 
equlpaent  on  the  sita,  including  the 
special  earth-return  vshioles.  Coloni- 
xttion  of  tha  moon  vd.ll  conaenoe  with 
the  selection  of  a  sdts  on  tha  aoon  for 
the  soft  landing  of  aasn  and  material. 

Tbs  lunar  landing  vsSiicles  will  be  of 
a  nodular  design  so  'that  after  they  are 
collected  together,  -they  can  then  be 
assembled  to  form  efd'ioient  and  compact 
housing  tnat  wonld  imaclude  living  quar¬ 
ters,  ness  faoilitioa,  Imboratories, 
shops,  power  stationm,  recreation  or 
ward  rooms  and  storsce,  Evsntually  a 
translucent  done  eou3.d  be  built  over 
the  permanent  housins  md  additional 
space  acquired  for  hsrdroponic  gardening 
or  any  other  purpose  — 

ENGINEEBING  AND  ECOKOMIC  CONSIDEHATIONS 

The  setablishnen-t  of  a  lunar  baae 
for  refueling  in  fllfiht  vehicles  has 
been  proven  aecesasraf  by  many  writers, 


Col«S,  Ath«*,  ato.  «•  a  praraquislt* 
far  ths  SQCCsssful  aceospllshasnt  ot 
ih*  lon(-hattl  apaoa  aisiioaa  to  tho 
remoto  planata  la  Titv  of  tho  faot  that 
tho  oharaotorlatln  rolooltloa  ro^oirod 
for  thooo  alttloao  aro  auoh  larger  than 
for  tho  Inaar  flight.  Tho  two  aott 
aeoottiblo  plaaota,  (Xara  and  Toaua) 
hara  oharaotaristlo  ▼alooltloa  of  SO 
and  62  ka/aoo  as  ooaparod  with  32  ka/soo 
for  tho  moon.  Slaoo  tho  obaraotoriotlo 
Yolooltloa  aro  tho  o-jat  of  tho  earth's 
s soaps  Toloclty,  tho  traasfor  froa  this 
orbit  to  that  of  tho  aissioa  plaaot  aad 
tho  plaaot 's  osoapo  rolooity,  tboso  aro, 
of  oonrsa,  doablad  for  the  ratura  trip 
boas.  It  turns  out  squally  for  aaoh 
oaso  that  tho  aajor  Itsa  is  ths  oarth's 
aaoapa  raloolty  ll,2ka/sas,  ths  aoon 
with  its  auoh  lower  ralooity  of  2.37 
ka/sso  offers  the  energy  savings  of 
8.8  ka/sao  for  a  single  trip  and  about 
17.5  ka/sae  for  tho  return  flight  to 
another  planet.  This  feature  of  aoon 
refueling  aakes  the  long  range  aoon- 
aara-aoon  flight  possible  with  the  saae 
energy  requlreaent  as  earth-aoon-earth 
alssion. 

Spaoa  llaltations  in  this  paper 
preclude  a  lengthy  dlsoussion  of  what 
typo  of  propellant  is  aoet  efficient 
or  what  the  alternate  eoonoalo  oholoee 
nay  offer  in  teras  of  capital  return 
for  tho  noon  ontrepreneur.  However,  I 
submit  that  the  Lunar  Industrial  Con* 
plex  will  be  free  of  politloal  oon- 
strainta  aad  the  major  problems  are 
similar  to  the  terrestlal  looation  such 
ast 

(1)  Frodnot  and  Market  Demand 

(2)  Raw  Material  Source 

(3)  Plant  Sise 

(4)  Energy  Requlronents  and  Potential 
Tower  sources 

(5)  Labor  Force 

(6)  Aaortisation  of  the  Lunar  Autarky 

PRODUCT  AND  MARKET  DEMAND 

The  aoet  vital  product  that  aan  will 
need  to  sustain  himself  in  the  lunar 
anrlronnent  is  water.  This  life  liquid 
and  fundamental  solution  for  the  vari¬ 
ous  oheaical  processes  is  also  required 
in  the  lunar  manufacturing  complex. 

Hatsr  will  also  furnish  two  other  aajor 
products,  oxygen  and  hydrogen,  which 
complete  the  life  cycle  and  inltisto 
the  economic  cycle  fcr  the  Lunar  Autatkji 

Oxygen  is  essential  and  requires  no 
further  substantiation,  however,  it  is 
interesting  to  note  for  the  second  tine 
in  the  history  of  flight,  man  has  turn¬ 


ed  his  attention  to  hydrogen  whloh  now 
offers  him  advantages  as  a  propellant 
fuel,  tha  eleaent  hydrogen  ranks  alnth 
in  order  of  plentlfulnosi  as  eoapared 
with  other  elements  on  earth,  however, 
the  obsaloal  ahnndaaoo  based  on  the 
nuaher  of  atoms  available  for  reaetion 
plaees  the  element  third  in  order  of 
plentlfulnees  Whloh  aekee  it  on  attrac¬ 
tive  oandidate  as  a  ohoioe  of  roeket 
fuel.  Bydrogea  dees  not  exist  abundant¬ 
ly  in  the  free  state,  but  nust  be  ex- 
traetsd  in  eaall  aaounts  froa  voloenlo 
exhansts  aad  in  oartaln  rook  and  salt 
foraatloaa  vhen  not  available  in  iti 
an  St  frequent  fora  as  a  oonblnation 
with  the  aleasnts  oarbon  and/or  oxygon. 

Tha  produotlon  of  terrestrial  bydrcH 
gen  is  essentially  a  high  energy 
oonsualng  process  and  ths  lunar  aan- 
ufaeturing  toehnlquas  will  he  prsdioa- 
tsd  on  tho  same  prinolplos. 

RAW  MATERIAL  SOURCES 

Terrestrially  hydrogen  1»  found  in 
tho  free  atato,  in  living  natter,  hy¬ 
drides  and  water.  Tha  lunar  envlron- 
Bont,  however,  offers  ns  only  a  faint 
hope  of  finding  hydrogen  in  a  free 
state  unless  it  is  trapped  belov  the 
surfaos)  ruling  out  living  natter,  ooal 
and  oilj  it  booones  clearer  that  water 
is  tha  Boat  attraotlve  raw  aaterisl 
soureo.  The  dsvolopasnt  of  tha  argu- 
nant  is  postulated  on  tho  availability 
of  water  in  either  free  state  or  trapped 
in  tbs  igneous  rooks.  (Figure  II) 

The  water  ohoioe  is  ssleoted  bs- 
oause  of  tho  trsasndons  energy  costs 
ansooiated  with  extracting  occluded 
hydrogen  froa  rocks  such  as  aay  be 
native  on  the  noon's  surface.  (Figure 
III)  Those  rooks  are  well  known  on 
earth  and  It  is  evident  that  aetsorites 
aay  contain  bydrogan  and  other  gases. 
Thoapson'^  has  looked  at  this  aspect  and 
concluded  that  such  a  sohaaa  probably 
Is  iapractloal  in  viov  of  ths  large 
aaounts  of  aatsrlals  that  have  to  be 
handled  in  order  to  produce  a  sizable 
production  lot.  Be  shoved  that  figures 
girsn  for  the  occluded  hydrogen  in 
meteors  and  terrestrial  rooks  rsnge 
froa  0.2  -  1400  c.c.  gaseous  hydrogen 
per  100  grams  of  rock,  some  nitrogen, 
oarbon  dioxide  also  being  present. 

Assuming  the  range  from  1-100  c.c. 
bydrogen/g.  rook  as  a  figure,  this 
turns  out  to  be  about  0.009-0){  by 
weight  so  that  in  order  to  produce  one 
ton  of  hydrogen,  one  has  to  prooess  on 
the  saae  scale  from  110  -  11,000  tons 
of  rock.  This  in  itself  is  a  large 
measure  of  effort  on  earth  and  it  aeema 
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Sunlight  /.V  focused  on  moon  minerals  in  a  vacmim- 
lieht,  tramixireni  hell  jar  hij  a  mirror  eomhtnallon. 
Water  rtf  enjsfallizalion  (Hjl).  earlmn  dioxide  (CO,), 
and  iS,l  arc  liherriled  from  the  minerals 

ihrtiu'Ji  the  intense  hentiim  and  ermtheied  into  a 
ualertf  vm/x-iii/oii  of  ehlorrdiri  alaar  in  a  "hinat 


Harden."  Prlnkinu  lealer  is  rd.\o  eondensed  in  Ihi'. 
eorUainer.  The  alatie.  with  the  aid  of  stmUfffit.  "diaesi  " 
the  carbon  tiioxide  and  exude  oxijHeii  u  hirh—loaether 
{ellh  nilroHeii  and  some  remuininii  erirhon  dioxide  — 
is  ndleclcd  In  Ihe  lank  at  the  riflil  for  hrealhine 
and  Ollier  jiiir/in.tcs. 


FIOURE  IV 


impoaalble  on  th*  Booti  at  thii  time  in 
hlatory. 

Tb»  availabilitjr  of  wni*r  oa  th« 
BOOH  is  eurrontlgr  alaoit  at  ooutroTor* 
tial  a  labjaot  aa  tha  ES-70  aircraft. 

A  largo  nnabor  of  raliabla  aoareoa, 
Iiorltt^i  Zoiofcy®.  KopallO,  (WataoB, 
Hurray  and  Brown) auggoit  that  water 
ia  awailable  on  the  Boan,  although  it 
Bay  appear  aa  ioe  or  in  tha  rook.  Ha 
ara  Gonoarnad  hare,  howawar,  with  tha 
energy  axtraotion  ooata  and  their 
effaota  on  tha  lunar  iaduatrial  oonplax 
I  peraonally  bb  of  the  opinion  that  wa 
will  be  able  to  extract  water  froB  aub- 
aurfaoa  rooka  with  a  yield  of  8-18)(. 

PLANT  SIZE 

The  daaign  of  a  lunar  Banufaoturing 
facility,  particularly,  one  that  it 
orientated  to  the  production  ef  liquid 
hydrogen  will  aneounter  nany  changed 
oonditr'oBa  fren  nornal  earth  oparationa 
due  to  tha  iBaller  grawitational  force 
of  the  noon.  Large  oparating  gravity 
type  dewioet  anoh  aa  drop  hauart, 
praaaea  etc.,  are  not  of  nuoh  ralne  to 
the  lunar  teohnioian.  the  najor  prob- 
lea  which  it  of  great  concern  to  tha 
liquid  hydrogen  production  nan  it  ttill 
tha  ttoraga  and  tafaty  problea. 

Tha  'utiliiatlon  faetor*  whioh  de- 
notot  tha  orarall  efficiency  factor  of 
any  liquid  hydrogen  lyttaa  Involving 
prodttotion,  atorage  and  handling  it 
noted  aa  the  ratio  of  tha  quantity  of 
liquid  hydrogen  available  at  the  utage 
point  to  the  quantity  predneed  in  the 
hydrogen  llqueflar.  Tha  aany  faotora 
whioh  enter  into  thia  point  out  the 
advantagea  for  englnearlng  detign  to 
enable  the  lunar  operatora  to  punp 
their  product  directly  in  tpaoa  ahip 
fuel  oellt  or  aa  toon  at  potaibla  to 
proolude  the  loot  due  to  vaporisation. 
However,  utilising  unique  frosen  aub- 
tarranean  areas  aa  auggeated  by  J. 
Harvell^^  aay  alleviate  this  problea. 
Tha  apace  vehloles  operating  fron  each 
lunar  site  should  oontune  tha  sane  fuel 
in  order  to  elinlnate  purging  of  tanks 
for  a  non-hooogoneous  fleet  and  reduce 
the  handling  factor. 

The  typical  terrestrial  cbealoal 
plant  it  exposed  to  the  elenents,  and 
the  lunar  site  will  have  the  sane  lay¬ 
out  except  that  it  nay  be  necessary  to 
shield  the  llquefication  section  fron 
the  tun  for  nore  efficient  operations 
and  oonduet  the  llquefication  cycle 
during  the  frigid  evenings. 

The  site  of  the  lunar  plant  will 
initially  be  snail  conparod  to  the 
final  design  specifications  in  order 
to  build  for  production  on  a  concurrent 


basis,  that  is,  provide  lunar  refueling 
faoilltlee  eoBBensurate  with  tha  pro- 
graa  requiraBonts  of  tha  nation’s  space 
fleet  and  in  the  meantlae  oonoentrate 
on  ctockpiling  tha  Bore  oritioel  iteas 
auoh  as,  water,  oxygen,  carbon,  nitro¬ 
gen,  warlous  aetals  and  other  oheBioals. 

GNEECT  SGOBIEEXENTS  ANB  POTENTIAL  POHGK 

smcES'  ^ - 


The  lunar  Banufaoturing  faoilitias 
will  be  soBewhat  unique  UBong  its  ter¬ 
restrial  ooBpetltors  in  that  every 
effort  will  be  aada  to  take  advantage 
of  the  long  periods  of  sustained  sun¬ 
light  with  its  plus  200  degree  (F) 
teaperature  and  a  reolprooal  ainus  200 
in  tha  loa  cold  evening  operations. 

This  type  of  operation  snoouragss  a 
Banufaotnrlng  design  cycle  whioh  favors 
a  dlvaralfisd  or  sequential  product 
11ns  such  as  is  suggested  by  Dr. 

Zwloky  in  the  solar  furnace  approach. 
(Figure  IV) 

The  theoretloal  production  sohedule 
for  the  lunar  site  to  aBortlse  the 
aeonoaio  coats  ara  established  at  one 
ton  of  liquid  hydrogen  per  day.  This 
is  no  aiaple  task  inasauch  aa  a  1500 
Ib/day  operation  on  earth  was  ooaslder- 
ad  an  adequate  aoooBpllshaent.  Air 
Products  "Boar  Series"  have  this  pro- 
granaed  oapabllity  to  support  oertaln 
Air  Force  requirsaents.^c 


The  total  energy  requireaents  to 
product  a  ton  of  liquid  hydrogen  on 
the  Boon  is  postulated. 

1,  Prooesaing  net  9 
tons  of  water  at  10% 
effiolenoy  froa  Boon 
ora,  2,700  kwh 


2.  Process  eleo- 
trolytioally  one 
ton  of  hydrogen 
gas  and  eight  tons 
of  oxygen  gas. 

(Asanas  100??  effi- 

oiency) '/  60,000  kwh 

3.  Process  of 
liquefying  tha 
hydrogen  gas  using 
a  Joules  Thoaas 
oyole  with  liquid 
nitrogen  prscoollng 

at  17?!  effiolenoy. 13  19,800  kwh 

82,500  kwh 

The  advantages  of  eolbr  energy 
oonverslon  scheaes  are  aany,  but  a 
quick  look  at  tha  eonetralnts  aay  rule 
out  a  vide  spread  peraanent  installa¬ 
tion.  E. g.,  A  solar  furnace  with  an 
aperture  of  one  square  yard  can  collect 
and  oonoentrate  enough  energy  to  gen¬ 
erate  70  gallons  of  oxygen  at  ataos- 


pherlc  preature  fro*  the  diaaocation  of 
carbon  or  fro*  water.  Thia  aaiount  la 
sufficient  to  proTlde  the  aTerage  noon 
dweller  with  60  hours  of  life.  To 
supply  water  with  the  aane  acheae  re¬ 
quires  a  solar  furnace  on  the  order  of 
a  200-lnch  alrror  to  produce  a  aere  six 
gallons  of  water  froa  the  lunar  wolcan- 
ic  rocks. 

The  solar  furnace  certainly  offers 
many  advantages,  but  in  view  of  the 
fact  that  the  snn-Flux  energy  auat  be 
normal  to  the  surface  of  the  aperture 
to  receive  an  approximate  130  watta  per 
square  foot,  the  weight  considerations 
necessary  to  orient  the  aperture  normal 
to  the  sun  is  painful,  and  of  course, 
there  is  a  night  penalty  factor  to  bo 
considered. 

The  lunar  power  station  requirements 
could  be  achieved  by  the  electric 
fieii-d  suggested  by  Sr.  Caatruccio^^ 
(1960)  which  consists  of  a  thin  plastic 
material  coated  with  a  tri-alkalide 
oxide  sensitive  to  light,  slightly 
separated  and  placed  over  a  fine  wire 
mesh.'  The  sun  heats  the  .material  which 
emits  the  electrons  nsd  they  are  collet 
ted  by  the  wire  mesh  to  yield  about 
1200  kilowatts  per  acre  during  the  sun 
shining  period.  Stringing  these  around 
the  moon  suggest  the  beginning  of  "Mooa 
Edison  Electric"  to  provide  service  on 
a  continuous  basis. 

The  weight  considerations  necessary 
for  jthe  equipment  to  produce  100,000 
kwh  for  the  Lunar  Autarky  eliminates 
the  feasibility  of  using  large-area 
solar  energy  collectors.  The  engineer¬ 
ing  choice  particularly  above  the 
25,000  kw  leval  is  to  select  a  nuclear 
power  source  for  reliable,  and  consis¬ 
tent  operations. 

LABOR  FORCE 

A  tentative  number  of  ten  colonists 
have  been  selected  as  the  initial  group 
as  this  number  will  provide  redundancy 
consistent  with  the  minimum  requirements 
of  operational  nature. 

The  group  will  operate  on  a  master- 
plan  basis  such  as;  set  up  the  officer's 
club,  mess  hall,  operation  facilities, 
MARS  station,  and  in  due  course  of  tine, 
refine  the  initial  plan  and  prepare  for 
the  next  group  of  arrivals. 

It  is  envisioned  that  the  first 
group  will  be  of  a  highly  professional 
nature  in  order  to  assess  the  environ¬ 
ment  as  soon  as  possible  and  also  to 
establish  an  emergency  source  of  food 
and  essentials  with  the  least  possible 
delay. 


j^ORTIZATION  OF  THE  LPMAR  ABTARKY 

The  development  and  management  of 
the  Lunar  Autarky  should  be  viewed  in 
the  same  light  as  any  other  large-scale 
operation.  The  major  difference  at 
this  point  la  that  the  amount  of  funds 
required  for  the  initial  operation  are 
not  readily  available  to  private  indus¬ 
try.  The  theory  of  alternate  costs  can 
bo  applied  when  the  merits  of  producing 
lunar  fuels  against  the  total  costs  of 
transporting  earth  stocks  are  examined. 
It  is  rscogniaed  that  the  tenets  of 
monopoly  will  be  exercised  by  the  first 
forces  that  establish  a  colony  on  the 
lunar  surface.  (Figure  T) 


TIME 


FIGURE  V 


For  example,  assTime  that  the  addi¬ 
tional  costs  to  transport  the  initial 
equipment  and  establish  the  initial 
lunar  hydrogen  processing  plant  is  one 
billion  dollars  and  the  entrepreneur 
will  be  able  to  secure  raw  material 


•md  priaa  aaergy  paw*r  at  so  ooat.  It 
It  oosTtniost  to  prejtot  a  capital  ra> 
ooTtnr  flcsrt  baaad  os  a  10  jrtar  asor* 
tliatioB  period  at  tix  pareest  Istaraat. 

The  oparatora  will  haT*  tn  rapajr 
the  lasdtra  tl86, 870,000  aaoh  pear  ter 
10  poara.  Ibo  oatpnt  of  the  plant  la 
1965  la  priced  at  ysOOO/lb  (alternate 
ocata  of  ahlppiag  one  pound  of  papload 
from  earth  atock) •  kith  tbla  figure, 
the  operator  nuat  produoe  onlp  27,184 
Iba  or  14  tona  to  hrank  area  for  the 
pear. 

Since  the  plant  is  geared  for  full 
reduction  in  1970,  fuel  la  still  about 
300,00  a  lb  or  $600,000  a  ton,  tbs 
breakeren  part  is  now  at  approniaatalp 
226  tona.  If  tba  operator  hat  a  fall 
denand  achodalc,  his  peara  profit  ia 
(966-226)  >  139  x  600,000  >  $83,400,000 
for  1966, 

It  appears  that  the  lunar  Tonture 
can  dCTslop  into  a  rawardiag  one  for 
the  courageous  entrepreneur. 

COKCHTSIOK 

the  Lunar  iutarkp  can  be  aalf- 
auatainlng  baaed  on  Ita  abllltp  to 
produce  a  product  such  as  liquid  hpdro- 
gen  for  a  cost  ranging  fron  $3,000.00 
a  pound  la  1968.  decreaelng  to  $200.00 
a  pound  In  1976^*,  and  ulll  reu'aln 
ccapatltiTo  «lth  tbe  terra  atrial  nanu- 
facturer  until  tha  ooat  drops  balov 
28  canta  (present  0,3,  costa),  plus 
transport  to  tha  lunar  surface.  Tha 
application  of  tbe  ecosonic  principle 
of  alternate  ocata  to  the  hppothetioal 
energp  coating  thaoren  aerrea  thia 
statonent.  Aa  long  aa  tha  energies 
required  to  extraet  and  transfers  the 
lunar  rosonroec  Into  a  naoful  terrea- 
trial  product  are  lees  than  the  energioa 
required  to  axtraot  these  tane  products 
fron  tha  earth  and  transport  then  to 
the  lunar  surfaces,  then  the  lunar  in¬ 
dustrial  oonplax  ia  in  a  faTorabla  oos- 
patltiro  poeltion  with  ita  terrestrial 
oonpatltor.  The  sarginal  return  fron 
each  pound  of  liquid  hpdrogen  or  tinilar 
product  will  aerre  aa  the  aaortlaing 
agent  In  tha  cost- accounting  eohene  of 
tba  Lunar  Autarkp. 
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